



















1. $\Omega=(\mathrm{O}, \infty)$ . .
$\{$
$u_{tt}=u_{xx}$ , in $(\Omega \mathrm{x}(0, \tau))\cap\{u>0\}$





, $f(t),$ $e(x)_{y}g(x)$ ,
. 1













. ([3] , 2 )
$J(u)$ $u$ , $u$ regutarity , (1) .































(1) $u^{\epsilon}$ $\{u>\epsilon\}$ $u_{tt}=u_{xx}$ . $\epsilonarrow 0$ ,
$uarrow\exists v$ such that $vtt=vxx$ in $\{v>0\}$
, $v$
$(v_{x})^{2}-(v_{t})^{2}=Q^{2}$ on $\partial\{v>0\}$
. , $u^{\epsilon}$ (1) , (2) (1)
. ( [3] )
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23
, 1 , Kikuchi-Omata [1] , 1 ,
. , . [2] ,
, 1 .
, Omata [3] , (2)
. ( 2 ).
(2) . ,





$\Omega=(0, \infty)$ , 1 . $l(t)$
, $l_{0}=l(0)$ ,
mapping function $y= \frac{2x^{\backslash }}{l(t)}-1$ , .
$(0, l(t))\cross(0, t)\ni(x, t)-\rangle(y, t)\in(-1,1)\mathrm{x}(0, t)$
(1) $(y, t)$ , .
$u_{tt}- \frac{4-((y+1)l’(t))^{2}}{l(t\rangle^{2}}u_{yy}-2(y+1)\frac{l’(t)}{t(t)}u_{ty}-(y+1)\frac{l(t)l’’(t)-2(l’(t))^{2}}{l(t)^{2}}u_{y}=0$ ,
$l’(t)=\pm\sqrt{1-(\frac{Ql(t)}{2u_{y}(1,t)})^{2}}$.
, $l’(t)\geq 0$ .




$+(y_{i}+1) \frac{l(t)l’’(t)-2(l’(t))^{2}}{l(t)^{2}}\frac{u^{i+1}-u^{i-1}}{2\Delta x}$ ,
$l’(t)=\sqrt{1-(\frac{Ql(t)}{2u_{y}^{N}(t)})^{2}}$ .
$t$ 4 Runge-Kutta $\text{ }$ . $[2]$ ,
. , .
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32 ( $+$ )
(2)
$v=u_{t}$ , (1) , .
$u_{t}$ $=$ $v$ ,
$\chi_{u>0}v_{t}$ $=$
$u_{xx}-Q^{2}(\chi^{\epsilon})’(u)$ .
, $\Omega$ $N$ . $\Omega=[x_{0}, x_{N}],$ $x_{0}<x_{1}<\cdots<x_{N}$ .
$\chi_{u>0}v_{t}$ . , $\delta>0$ ,
$x_{i}\in\{u>0\}\Leftrightarrow u_{i-1}>\delta$ or $u_{i}>\delta$ or $u_{i+1}>\delta$
. , $x_{1},$ $x_{2}\in\{u>0\}$ $x_{3}\not\in\{u>0\}$ .




$u_{xx}$ , $x_{i}\in\{u>0\}$ ,
$\frac{d}{dt}u_{i}$ $=$ $v_{i}$ ,
$\frac{d}{dt}v_{i}$ $=$ $\frac{u_{i-1}-2u_{i}+u_{i+1}}{(\Delta x)^{2}}-Q^{2}(\chi^{\epsilon})’(u)$
. $t$ 4 Runge-Kutta .
33 ( )
(2)











$\int_{\Omega}(u_{tt}-u_{xx}+Q^{2}(\chi^{\epsilon})’(u))\xi dx=0$. $(\forall\xi\in C_{0}^{\infty}(\{u>0\}))$










$J_{n}(u)= \oint_{\Omega\cap(\{u>0\}\cup\{u_{n-1}>0\})}\frac{|u-2u_{n-1}+u_{n-2}|^{2}}{2h^{2}}dx+\frac{1}{2}\int_{\Omega}|\nabla u|^{2}dx+Q^{2}f_{\Omega}\chi_{\backslash }^{\epsilon_{(}}u)dx$
minimizer
$\{u_{m}\}_{m=0,1,2},\ldots\subset$ { $u\in W^{1,2}(\Omega;\mathrm{R});u=u0$ on $\partial\Omega$ }
1 , (2) . ([3] )
4
4.1 Case 1. (1) . ( $Q^{2}=1$ )
(1) , . ( $Q^{2}=1$ )
$\Omega=(\mathrm{O}, \infty)$
$u(x, 0)$ $=$ $\{$
1 $\sqrt{2}x$ , $(0\leq x\leq 1/\sqrt{2})$
0, (otherwise)
$u_{t}(x, 0)=\{$
1.0, $(0\leq x\leq 1/\sqrt{2})$
0, (otherwise)
$u(0_{2}t)$ $=$ $1+t$ .
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(1) $u(x, t).= \max(1+t-\sqrt{2}x, 0)$ .
.
$\Delta t$ $\Delta x$
$\mathrm{E}\mathrm{I}\not\in\Phi\ovalbox{\tt\small REJECT}\grave{\backslash };\yen$ 1.0 $\mathrm{x}$ $10^{-2}$ $N=1\mathrm{O}\mathrm{O}$
$\ovalbox{\tt\small REJECT}^{\mathrm{a}}\ovalbox{\tt\small REJECT}^{\backslash }\not\in$ $(\#.\yen 7\mathrm{E}5:arrow\not\in \mathrm{B}|\rfloor^{\backslash }\not\equiv\prime A)$ 2.5 $\mathrm{x}$ $10^{-5}$ 2.0 $\mathrm{x}$ $10^{-2}$
$\varphi \mathrm{B}arrow\%\backslash \not\in$
$(\#\backslash \not\equiv 5_{\mathrm{B}}5^{\mathrm{t}}\mathrm{F})\llcorner\backslash \not\equiv\backslash 9)$ 2.5 $\mathrm{x}$ $10^{-5}$ 2.0 )$\langle$ $10^{-2}$
$\mathrm{B}n7\mathrm{B}5k\beta \mathrm{E}\ovalbox{\tt\small REJECT}\not\equiv_{\backslash }\grave{7}\yen$ 5.0 $\mathrm{x}$ $10^{-4}$ 2.0 $\mathrm{x}$ $10^{-2}$




$\ovalbox{\tt\small REJECT}\not\in\not\in\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\}^{\backslash }\neq$ 3.2 $\mathrm{x}$ $10^{-7}$ 4.6 $\mathrm{x}$ $10^{-7}$ 9.1 $\mathrm{x}$ $10^{-7}$
$\ovalbox{\tt\small REJECT} B?^{\mathrm{t}}\mathfrak{F}$
$(\mathbb{H}_{\backslash }\S_{\mathrm{B}}\ovalbox{\tt\small REJECT}_{\mathrm{H}^{1}\mathrm{J}\grave{\mathrm{I}}}^{arrow\ovalbox{\tt\small REJECT}\not\equiv 9)}$ 1.1 $\mathrm{x}$ $10^{-2}$ 1.5 $\mathrm{x}$ $10^{-2}$ 2.4 $\mathrm{x}$ $10^{-2}$
$\ovalbox{\tt\small REJECT}^{\mathrm{B}}R\mathrm{F}^{\tau}\mathit{1}\yen$
$(\ovalbox{\tt\small REJECT}\backslash \doteqdot 7_{\mathrm{B}}5\zeta \mathrm{F}^{\mathrm{r}_{l\llcorner\backslash }^{\backslash }}\not\equiv H)$ 1.1 $\mathrm{x}$ $10^{-2}$ 1.7 $\mathrm{x}$ $10^{-2}$ 2.7 $\mathrm{x}$ $10^{-2}$
$n_{\mathrm{i}}\supset 7\mathrm{B}5\not\in.\beta \mathrm{E}\ovalbox{\tt\small REJECT}\not\equiv_{\backslash }\grave{1}\not\in$ 9.2 $\mathrm{x}$ $10^{-2}$ 2.1 $\mathrm{x}$ $10^{-1}$ 4.4 $\mathrm{x}$ $10^{-1}$
$\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\tau \mathrm{A}\Xi \mathrm{B}^{\backslash }/_{J\mathrm{I}\mathrm{L}}^{\mathrm{A}_{\backslash }}\grave{;}\yen\backslash$ 1.6 $\mathrm{x}$ $10^{-1}$ 3.4 $\mathrm{x}$ $10^{-1}$ 7.9 $\mathrm{x}$ $10^{-1}$
2: Case 1: $u$
, . , ,
.
$t=5.0$ $t=10.\mathrm{O}$ $t=20.0$
$\ovalbox{\tt\small REJECT}\not\in-\Phi\ovalbox{\tt\small REJECT}^{\backslash }\grave{;}\not\leq$ 1.9 $\mathrm{x}$ $10^{-7}$ 1.9 $\mathrm{x}$ $10^{-7}$ 1.9 $\mathrm{x}$ $10^{-7}$
$\beta_{\hslash}^{\mathrm{a}}\mathrm{g}_{*\grave{f}}^{n}\yen(\mathfrak{g}_{\mathrm{i}_{\tau}}\not\equiv 7_{\mathrm{B}}5_{\mathrm{B}^{1}\mathrm{J}}^{arrow\not\in}\backslash \not\equiv\prime A)$ 4.7 $\mathrm{x}$ $10^{-2}$ 3.2 $\mathrm{x}$ $10^{-2}$ 4.0 $\mathrm{x}$ $10^{-2}$
$\ovalbox{\tt\small REJECT}^{\mathrm{B}}ffi^{\gamma \mathrm{J}}\grave{t}\mathfrak{F}$
$(\ovalbox{\tt\small REJECT} 6\mathrm{B}5^{\mathrm{I}}\mathrm{F}’\grave{\llcorner}\backslash \not\equiv 9)$ 4.7 $\mathrm{x}$ $10^{-2}$ 3.2 $\mathrm{x}$ $10^{-2}$ 4.0 $\mathrm{x}$ $10^{-2}$
$n_{<75}\mathrm{g}\mathrm{B}\beta \mathrm{E}\not\cong\not\equiv_{\backslash }\grave{\mathrm{Y}}\not\leq$ 8.7 $\mathrm{x}$ $10^{-2}$ 1.7 $\mathrm{x}$ $10^{-1}$ 3.4 $\mathrm{x}$ $10^{-1}$
$\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}_{\mathrm{A}}\prime^{\llcorner}3\S 3\grave{y}_{)^{\mathrm{I}}\mathrm{I}\mathrm{L}}^{\mathrm{a}}?\mathfrak{F}$ 1.7 $\mathrm{x}$ $10^{-2}$ 8.0 $\mathrm{x}$ $10^{-2}$ 2.7 $\mathrm{x}$ $10^{-1}$
3: Case 1:
42 Case 2. . ($Q^{2}=1$ )
$\Omega=(0, \infty)$
$u(x, 0)$ $=$ $\{$
$1-\sqrt{5}x$ , $(0\leq x\leq 1/\sqrt{5})$
$0_{\}}$ (otherwise)
$u_{t}(x, 0)=\{$
2.0, $(0\leq x\leq 1/\sqrt{5})$
0, (otherwise)







$(\mathrm{B}\backslash \doteqdot 7_{\mathrm{B}}\ovalbox{\tt\small REJECT}_{\mathrm{H}1\mathrm{J}^{\backslash }}^{arrow}\not\in\not\equiv 9)$ 5.8 $\mathrm{x}$ $10^{-1}$ 3.0 $1.1\cross 10^{1}$
$\ovalbox{\tt\small REJECT}^{\mathrm{a}}B\grave{t}\not\leq$ ( $\#.\doteqdot 5\mathrm{R}5\mathrm{q}\supset,$ ’ 5.8 $\mathrm{x}$ $10^{-1}$ 3.0 1.1 $\mathrm{x}$ $10^{1}$
$n_{\mathrm{i}}\supset 7_{\mathrm{B}}7\mathrm{F}\beta \mathrm{E}\not\cong\ovalbox{\tt\small REJECT}_{\backslash }\grave{\mathrm{y}}\not\equiv$ 7.2 $\mathrm{x}$ $10^{-1}$ 2:7 1.0 $\mathrm{x}$ $10^{1}$
$rightarrow\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}_{\Delta]ffl\grave{l}_{J\mathrm{I}\mathrm{L}}\grave{\grave{\mathrm{t}}}}’\approx \mathrm{g}$ 1.3 6.6 7.5 $\mathrm{x}$ $10^{1}$
4: Case 2: $u$
$t=5.0$ $t=10.0$ $t=20.0$
$\mathfrak{S}R?\backslash \not\in$ $(\beta_{\backslash }\not\simeq 7\mathrm{a}5_{\mathrm{B}^{1}\mathrm{J}}^{\mathrm{R}}\backslash \not\in\not\cong\prime A)$ $1.5\cross 10^{-2}$ 2.6 $\mathrm{x}$ $10^{-1}$ 6.8 $\mathrm{x}$ $10^{-1}$
$\mathfrak{S}\Phi\grave{l}\not\in(\#\backslash \doteqdot 8_{\mathrm{B}}5\{\mathrm{p}_{\mathit{1}\grave{\llcorner}\backslash \not\equiv\Lambda)}/$ 3.5 $\mathrm{x}$ $10^{-2}$ 2.6 $\mathrm{x}$ $10^{-1}$ 7.0 $\mathrm{x}$ $10^{-1}$
$*_{\mathrm{I}3}\mathrm{r}75\mathrm{g}\beta \mathrm{E}F\not\equiv_{\backslash }\mathrm{f}\yen$ 1.5 $:<10^{-2}$ 1.6 $\mathrm{x}$ $10^{-1}$ $4.7\cross 10^{-1}$
$\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}_{\mathrm{A}}\nearrow \mathrm{J}\ovalbox{\tt\small REJECT} \mathrm{B}\backslash \grave{/}_{j\mathrm{t}\mathrm{t}\grave{l}\mathrm{f}}^{L\backslash }$ 5.4 $\mathrm{x}$ $10^{-3}$ 2.3 $\mathrm{x}$ $10^{-1}$ . 1.1
5: Case 2:
43 Case 3. . ( $Q^{2}=1$ )
$\Omega=(0, \infty)$
$u(x, 0)$ $=$ $\{$
$1- \frac{\sqrt{5}}{2}x$ , $(0\leq x\leq 2/\sqrt{5})$
0, (otherwise)
$u(0, t)$ $=$ $\sqrt{1-\vdash t}$ .
$u_{t}(x, 0)=\{$






$\mathfrak{S}\emptyset\not\in\backslash \mathit{1}\not\leq(\#\backslash \yen 7\mathrm{B}5_{\mathrm{B}^{1}\mathrm{J}}^{\mathrm{B}}\backslash \not\in\# fl)$ 1.6 $\mathrm{x}$ $10^{-2}$ 1.2 $\mathrm{x}$ $10^{-2}$ 4.0 $\mathrm{x}$ $10^{-1}$
$\ovalbox{\tt\small REJECT}^{\mathrm{B}}\Phi^{\pi_{\backslash }}\grave{;}\yen$
$(\#.\not\equiv\ovalbox{\tt\small REJECT}_{\mathrm{a}}5\mathrm{C}\mathrm{P}’\grave{\mathrm{L}}\backslash \not\equiv/A)$ 1.6 )$<10^{-2}$ $2.8\cross 10^{-2}$ $4.0\cross 10^{-2}$
$g\mathrm{b}\mathrm{s}\mathrm{I}\mathrm{i}5_{\mathrm{B}}5^{i}\mathrm{F}\beta \mathrm{E}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\grave{\backslash };\not\in$ 1.9 )$<10^{-1}$ 7.6 $\mathrm{x}$ $10^{-2}$ 3.2 $\mathrm{x}$ $10^{-1}$





$(_{\backslash }\mathrm{B}\backslash \not\equiv 7\mathrm{B}5_{8^{1}\mathrm{J}}^{\simeq}\backslash \not\in\not\equiv 4+\rangle$ 5.8 $\mathrm{x}$ $10^{-2}$ 6.0 $\mathrm{x}$ $10^{-2}$ 7.0 $\rangle\langle$ $10^{-2}$
$\ovalbox{\tt\small REJECT}^{\mathfrak{t}\ni}ffl\grave{1}\yen$
$(\mathrm{B}\backslash \doteqdot?\mathrm{B}5\not\subset \mathrm{P}’\grave{\llcorner}\backslash \not\in/\Lambda)$ 5.8 $\mathrm{x}$ $10^{-2}$ 4.0 $\mathrm{x}$ $10^{-2}$ 3.0 $\rangle\langle$ $10^{-2}$
$\mathrm{E}7\mathrm{B}5^{i}\xi\beta \mathrm{E}\ovalbox{\tt\small REJECT} \mathrm{F}?\#$ 3.2 $\mathrm{x}$ $10^{-1}$ $6.2\cross 10^{-1}$ 4.7 $\mathrm{x}$ $10^{-1}$
$”\ovalbox{\tt\small REJECT}\not\in \mathrm{q}\mathrm{A}\mathbb{R}\grave{\mathit{1}}\hslash_{1}\backslash ;\yen\backslash$ 8.0 $\mathrm{x}$ $10^{-3}$ 1.0 $\mathrm{x}$ $10^{-2}$ 5.6 $\mathrm{x}$ $10^{-1}$
7: Case 3:
44 Case 4. .





$u(x, 0)$ $=$ 0.5, $u_{t}(x, 0)=-20x(1-x)$ ,
$u(0t)\rangle$ $=$ $u(1, t)=0.5$ .
, $x$ 1 .









$\mathrm{u}_{\mathrm{L}}\sim..\backslash _{\backslash _{\backslash }}\mathrm{w}\bigvee_{u\downarrow}^{/’}./$
$u\sim.$
. $v$’..














. $\propto$ $\mathrm{u}$$.$ .






8: Case 4: $u$
5
.
$\#\backslash \doteqdot 7^{\mathrm{F}}\mathrm{B}l\emptyset\ovalbox{\tt\small REJECT}\dagger_{t}1$ $n=\subset 5_{\mathrm{B}}5\sigma)\ovalbox{\tt\small REJECT}\}_{\sqrt}\mathrm{l}$ $\mathrm{B}\backslash \doteqdot\S_{\mathrm{B}}5_{\overline{\mathrm{D}}}^{-}-\dashv\cdot\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}}^{=}$ $\mathrm{p}_{\mathrm{R}}\mathrm{g}$ $\mathrm{B}$ $ffi \mathrm{g}?\mathrm{i}a)\not\subset ffi$ . $\grave{\mathit{4}^{\backslash }\backslash }\#\ovalbox{\tt\small REJECT}$
$\mathrm{E}\exists\not\in\ovalbox{\tt\small REJECT}\Re$, $\grave{1}\not\in$ $arrow\backslash \not\in \mathrm{R}^{1\int}\not\in t+$ $\not\equiv/\Lambda$ $/\mathrm{J}\backslash \mathrm{S}$ $11$ $[egg0]$ $\cross$
$\ovalbox{\tt\small REJECT}^{\mathrm{B}}ffi^{7}’?\mathfrak{F}$
$(\S\backslash \not\equiv 5\mathrm{B}5_{\mathrm{B}^{1}l}^{\mathrm{A}}\backslash \not\in\not\equiv’A)$
$arrow\backslash \not\in \mathrm{R}l\rfloor\not\equiv_{J}’+$ $\not\equiv\prime A$ $r\mathrm{J}\backslash \mathit{5}$ bl $\mathrm{O}$ $\mathrm{O}$
$1\subsetneq_{i}^{\mathrm{I}\exists}W\not\simeq.\grave{\mathrm{Y}}\yen$
$(\#\backslash \doteqdot 7\mathrm{a}5^{\mathrm{t}}\mathrm{P}^{\backslash }\mathit{1}\llcorner\backslash \not\equiv\#)$
$\mathrm{r}\mathrm{F}’\grave{\llcorner}\backslash \not\equiv 4\neq$ $\not\equiv p$’ $’\rfloor\backslash @$ $11$ $\mathrm{O}$ $\mathrm{O}$
$\pi_{\mathrm{i}}=5_{\mathrm{H}}5\mathrm{F}\beta \mathrm{E}\Phi\not\equiv_{\backslash }\grave{\mathrm{i}}\not\in$ $\mathrm{r}\mp l\grave{\llcorner}\backslash \not\equiv/A$ $\mathrm{g}\beta \mathrm{E}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}_{\backslash }\backslash \grave{;}\yen$ $\prime \mathrm{J}\backslash \mathrm{S}$ $\iota_{3}$ $\mathrm{O}$ $\mathrm{O}$
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